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Description 

This  invention  relates  to  a  novel  process  for  preparing  O-hydroxyalkylated  derivatives  of  1,1-dihydroper- 
fluorinated  alcohols.  The  O-hydroxyalkylated  derivatives  are  useful  as  non-ionic  surfactants  and  emulsif  iable 

5  compounds  for  fire  extinguishing  systems. 

Background  of  the  Invention 

O-Hydroxyalkylation  of  1,1-dihydroperfluorinated  alcohols  has  most  commonly  been  conducted  using  al- 
io  kylene  oxide  reagents.  U.S.  Patent  No.  3,394,115,  for  example,  teaches  the  O-hydroxyethylation  of  2,2,2-tri- 

fluoroethanol  using  ethylene  oxide.  Despite  employing  a  1:1  stoichiometry  of  reactants,  the  monohydroxye- 
thylated  product  was  obtained  in  only  50  percent  yield,  with  the  simultaneous  formation  of  the  product  resulting 
from  addition  of  two  molecules  of  ethylene  oxide  in  25  percent  yield.  The  problem  of  polyalkylation  was  circum- 
vented  somewhat  in  U.S.  Patent  No.  3,532,674  (Example  1,  Method  B).  By  adding  two-thirds  of  an  equivalent 

15  of  ethylene  oxide  slowly  over  the  course  of  several  hours  per  equivalent  of  1  ,1-dihydroperfluorinated  alcohol, 
a  reasonably  good  selectivity  to  the  monohydroxyethylated  product  was  achieved.  The  conversion  (based  on 
starting  alcohol),  however,  was  not  indicated  and,  even  so,  the  theoretical  yield  could  only  be  67  percent.  The 
problem  with  alkylene  oxides,  aside  from  their  toxicity  and  well-known  explosion  potential,  is  that  they  do  not 
discriminate  well  between  starting  and  product  alcohols. 

20  Alkylene  carbonates  are  stable,  relatively  inexpensive,  non-toxic,  and  non-gaseous  (at  room  temperature 
and  pressure)  compounds.  They  have  been  utilized  to  provide  O-hydroxyalkylated  phenols  (cf.  T.  Yoshino,  et 
al.,  Bull.  Chem.  Soc.  Japan,  46,  553  (1973))  and  perfluoroalkanesulfonamides  (cf.  H.  Niederpruem,  etal.,  Lie- 
bigs  Ann.  Chem,  11  (1973)).  No  reports  exist  of  alky  lation  of  1,1-dihydroperfluorinated  alcohols  using  alkylene 
carbonates. 

25  In  related  work,  ethylene  sulfite  has  been  utilized  to  provide  O-hydroxyethylated  1  ,1-dihydroperfluorinated 
alcohols  (cf.  SU  482,433  (1976)).  Aside  from  the  increased  cost  of  the  reagent,  emission  of  the  extremely  acidic 
sulfur  dioxide  by-product  can  lead  to  significant  processing  and  pollution  problems. 

Summary  of  the  Invention 
30 

The  present  invention  provides  an  improved  process  for  the  mono  O-hydroxyalkylation  of  1,1-dihydroper- 
fluorinated  alcohols. 

Briefly,  the  present  invention  involves  reacting  1,1-dihydroperfluorinated  alcohols  with  an  alkylene  carbon- 
ate  in  the  presence  of  a  catalyst.  Alkylene  carbonates  react  principally  with  1,1-dihydroperfluorinated  alcohols 

35  and  not  with  the  O-hydroxyalkylated  alcohol  products,  thereby  affording  a  high  selectivity  towards  monoalky- 
lation. 

The  process  of  the  present  invention  provides  monoether  products  almost  exclusively,  in  contrast  to  other 
known  methods  which  yield  significant  amounts  of  polyether  by-products. 

The  O-hydroxyalkylated  derivatives  are  useful  as  non-ionic  surfactants  and  emulsifiable  compounds  for 
40  fire  extinguishing  systems.  Additionally,  the  O-hydroxyalkylated  derivatives  are  useful  synthetic  intermediates 

to  esters  which  are  more  hydrolytically  stable,  are  less  prone  to  crystallize,  and  are  often  more  thermally  stable 
than  esters  derived  from  the  starting  1,1-dihydroperfluorinated  alcohols. 

In  this  application: 
"alkyl"  and  "alkylene"  mean  the  monovalent  and  divalent  residues  remaining  after  removal  of  one  and 

45  two  hydrogen  atoms,  respectively,  from  a  linear  or  branched  chain  hydrocarbon  having  1  to  20  carbon  atoms; 
"lower"  alkyl  means  C-1  to  C-4  alkyl; 
"aryl"  means  the  monovalent  residue  remaining  after  removal  of  a  hydrogen  atom  from  an  aromatic  com- 

pound  (single  ring  and  multi-  and  fused-cyclic)  having  5  to  12  ring  atoms  and  includes  substituted  aromatics 
such  as  lower  alkaryl  and  aralkyl,  lower  alkoxy,  N,N-di(lower  alkyl)amino,  nitro,  cyano,  halo,  and  lower  alkyl 

50  carboxylic  acid  ester,  wherein  "lower"  means  C-1  to  C-4; 
"cycloalkyl"  means  the  monovalent  residue  remaining  after  removal  of  a  hydrogen  atom  from  a  saturated 

cyclic  hydrocarbon  having  3  to  12  carbon  atoms; 
"essentially  pure"  means  greater  than  90  weight  percent; 
"substantially  perfluorinated"  means  hydrocarbon  groups  in  which  at  least  50  percent  of  the  hydrogen 

55  atoms  have  been  replaced  by  fluorine;  and 
"crown  ether"  means  a  cation  complexing,  salt  solubilizing  additive  such  as  18-crown-6  (Formula  A), 

tris(3,6-dioxaheptyl)amine  (Formula  B),  and  a  linear  polyethylene  glycol  compound  such  as 
HOCH2CH2(OCH2CH2)25OCH2CH2OH. 

2 
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15  Description  of  the  Invention 

This  invention  provides  a  method  for  the  preparation  of  essentially  pure  mono  O-hydroxyalkylated  1,1-di- 
hydroperfluorinated  alcohols,  the  method  being  accomplished  by  reaction  of  a  1,1-dihydroperfluorinated  alco- 
hol  of  Formula  I: 

20 

R1 
I 

( H O C H ) , R r  

wherein 
R1  is  hydrogen  or  lower  alkyl; 
a  is  1  or  2;  and 
RF  is  a  substantially  perfluorinated  alkyl,  cycloalkyl,  or  aryl  group  when  a  is  1,  and  substantially  per- 

30  fluorinated  alkylene  when  a  is  2,  with  an  alkylene  carbonate  of  Formula  II: 

35 C  -  O I I  

40  wherein 
R2  is  an  alkylene  group  having  2  to  4  carbon  atoms,  in  the  presence  of  an  effective  amount  of  a  catalyst 

to  produce  an  O-hydroxyalkylated  compound  having  Formula  III: 

45  R1 
-  I 

(HOR  OCH)BRr  I I I  

wherein  R1,  R2,  a,  and  RF  are  as  defined  above. 
so  Many  of  the  1  ,1-dihydroperfluorinated  alcohols  of  Formula  I  useful  in  the  invention  are  commercially  avail- 

able.  These  include  2,2,2-trifluoroethanol;  2,2,3,3-tetrafluoro-1,4-butanediol;  1H,1H,3H-tetrafluoro-1-propa- 
nol;  3,3,4,4,4-pentafluoro-2-butanol;  1H,1H-pentafluoro-1-propanol;  2,2,3,3,4,4-hexafluoro-1,5-pentanediol; 
1,1,1,3,3,3-hexafluoro-2-propanol;  1H,1H-heptafluoro-1-butanol;  1,1,1,2,2,3,3-heptafluoro-4-octanol;  3,3,4,4, 
5,5,5-heptafluoro-2-pentanol;  3,3,4,4,5,5,6,6-octafluoro-2-heptanol;  1H,1H,6H,6H-octafluorohexanediol;  1H, 

55  1H,5H-octafluoro-1-pentanol;  2,2,3,3,4,4,5,5,6,6-decafluoro-1-methylheptan-1-ol;  undecafluorocyclohexyl- 
methanol;  1H,1H,7H-dodecafluoro-1-heptanol;  1H,1H-pentadecafluorooctan-1-ol;  1H,1H,9H-hexadeca- 
fluoro-1-nonanol;  and  1H,1H,11H-eicosafluoro-1-undecanol. 

Suitable  alkylene  carbonates  of  Formula  II  include  ethylene  carbonate,  propylene  carbonate,  and  1,3-di- 

3 
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oxan-2-one,  with  ethylene  carbonate  being  preferred. 
Suitable  catalysts  for  the  process  are  salts  containing  basic  anions  such  as  carbonate,  acetate,  and  pro- 

pionate  or  nucleophilic  anions  such  as  iodide  and  bromide  which  are  capable  of  generating  a  basic  carbonate, 
(see  below).  The  nature  of  the  cation  is  also  important  to  facilitate  solubility  in  the  perf  luorinated  alcohol-alky- 
lene  carbonate  medium.  Useful  solubilizing  cations  include  tetraalkylammonium,  tetraalkylphosphonium,  and 
cesium  ions.  With  lithium,  sodium,  and  potassium  ions  it  may  be  necessary  to  employ  a  crown  ether  additive 
such  as  tris(3,6-dioxaheptyl)amine,  15-crown-5,  or  18-crown-6  in  order  to  provide  an  effective  catalyst  (these 
compounds  are  commercially  available).  Useful  catalysts  include  tetramethylammonium  iodide,  tetrabutylam- 
monium  iodide,  cesium  acetate,  and  potassium  carbonate  (with  18-crown-6). 

The  reaction  is  most  efficiently  conducted  by  mixing  the  1,1-dihydroperfluorinated  alcohol;  1.25-5.00 
equivalents  (based  on  the  alcohol),  preferably  1  .50-2.00  equivalents,  of  the  alkylene  carbonate;  and  1  .00-1  0.00 
weight  percent  (based  on  alcohol),  preferably  2.00-5.00  wt.  percent  of  the  catalyst.  The  mixture  is  then  warmed 
at  100  to  190°C,  more  preferably  120  to  140°C,  until  gas,  i.e.,  carbon  dioxide,  evolution  ceases.  The  reaction 
mixture  is  then  cooled  to  room  temperature,  washed  with  water  to  remove  excess  alkylene  carbonate  and  cat- 
alyst,  dried,  and  vacuum  distilled  to  obtain  the  pure  O-hydroxyalkylated  product. 

While  not  wishing  to  be  bound  by  any  reaction  mechanism  or  explanation,  it  is  felt  that  the  increased  acidity, 
about  1000  times  greater,  of  1,1-dihydroperfluorinated  alcohols  compared  to  other  alcohols  accounts  for  the 
remarkable  selectivity  towards  mono  O-hydroxyalkylation  per  hydroxy  unit  in  the  1,1-dihydroperfluorinated  al- 
cohol.  The  alkylene  carbonate  reagents  are  believed  to  alkylate  by  the  mechanism  shown  in  the  following  chem- 
ical  equations  in  which  ethylene  carbonate,  2,2,2-trif  luoroethanol  (TFE),  and  a  nucleophilic  iodide  catalyst  are 
employed. 

In  the  chemical  equations  the  iodide  catalyst  first  attacks  the  ethylene  carbonate  to  generate  the  basic  car- 
bonate  intermediate  (V)  which  further  generates  the  conjugate  base  of  TFE  (2).  Intermediates  2  and  3  engage 
in  a  substitution  of  TFE  (2)  for  iodide  to  form  4  which  is  thermally  unstable  and  loses  carbon  dioxide  yielding 
the  mono  O-hydroxyethylated  end  product,  2,2,2-trifluoroethyl  2'-hydroxyethyl  ether. 

If  the  O-hydroxyalkylated  products  are  further  alkylated  at  all  in  the  process,  it  probably  derives  from  alky- 
lene  oxide  formation  from  the  alkylene  carbonate.  This  takes  place  slowly  at  the  above  specified  reaction  tem- 
peratures  but  occurs  at  appreciable  rates  at  temperatures  above  160°C  (for  the  preferred  ethylene  carbonate). 

The  mono  O-hydroxyalkylated  1,1-dihydroperfluorinated  alcohol  products  of  the  invention  possess  both 
hydrophobic  (RF)  and  hydrophilic  (0-R2-OH)  regions  and  are  potent  surface  active  agents.  Therefore,  they  find 
utility  as  non-ionic  surfactants  in  a  variety  of  applications  including  fire  extinguishing  systems  because  of  their 
ability  to  float  water  on  top  of  gasoline  and  organic  liquids.  Furthermore,  the  O-hydroxyalkylated  products  are 
useful  reactants  for  synthesizing  carboxylic  acid  esters.  Because  the  less  acidic  O-hydroxyalkylated  alcohol 
products  make  poorer  leaving  groups  in  hydrolysis  reactions,  these  ester  products  are  more  hydrolytically  sta- 
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ble  then  those  derived  from  1  ,1-dihydroperfluorinated  alcohols.  Another  benefit  is  that  incorporation  of  the  ether 
group  provides  a  "swivel"  action  to  the  ester  group  which  inhibits  crystallization.  This  is  especially  useful  in  ac- 
rylate  or  acrylamidoacylated  ester  monomer  products  and  their  utilization  in  UV  curing  situations  which  are 
most  preferably  performed  in  the  absence  of  solvents. 

5  Objects  and  advantages  of  this  invention  are  further  illustrated  by  the  following  examples,  but  the  particular 
materials  and  amounts  thereof  recited  in  these  examples,  as  well  as  other  conditions  and  details,  should  not 
be  construed  to  unduly  limit  this  invention. 

EXAMPLE  1 
10 

Preparation  of  1,1-Dihydroperfluorooctyl  2-Hydroxyethyl  Ether 

In  a  three  liter,  round-bottomed  flask  equipped  with  a  mechanical  stirrer,  thermometer,  and  condenser/gas 
bubbler  arrangement  were  charged  1,1-dihydroperfluoro-1-octanol  (DHPFO)  (available  from  3M,  St.  Paul,  MN) 

15  (2326  grams;  5.815  moles),  ethylene  carbonate  (available  from  Jefferson  Chemical  Co.,  Bellaire,  TX)  (768 
grams;  8.72  moles),  and  tetramethylammonium  iodide  (available  from  Aldrich  Chemical  Co.,  Milwaukee,  Wl) 
(23.3  grams;  0.116  mole).  The  mixture  of  solids  was  warmed  to  about  90°C  to  achieve  a  homogeneous  light 
brown  solution.  Warming  was  continued,  and  the  color  of  the  reaction  mixture  lightened  noticeably  at  110°C. 
At  115°C  gas  evolution  was  observed,  and  the  temperature  was  slowly  raised  to  140°C  over  the  next  few  hours 

20  so  that  gas  evolution  did  not  become  uncontrollably  fast. 
Gas  evolution  continued  for  about  48  hours,  at  which  point  gas  liquid  phase  chromatography  (glpc)  analysis 

showed  that  less  than  5  percent  of  the  starting  alcohol  remained,  about  90  percent  of  one  higher  boiling  com- 
ponent  was  present,  with  only  about  5  percent  of  a  still  higher  boiling  component  (presumably  dialkylated  ma- 
terial)  being  detected.  The  reaction  mixture  was  cooled  and  poured  into  a  separatory  funnel  containing  2400 

25  mL  of  ether  and  2400  mL  of  water.  The  organic  layer  was  dried  over  anhydrous  magnesium  sulfate,  and  the 
ether  was  removed  using  a  rotary  evaporator.  The  residue  was  vacuum  fractionally  distilled. 

Material  distilling  at  65-66°C./0.7  Torr.  was  collected  and  was  analyzed  to  be  greater  than  97  percent  pure 
by  glpc.  The  structure  of  the  title  compound  was  corroborated  by  IR,  1H-NMR,  and  13C-NMR  spectroscopy. 
The  fraction  weighed  1761  grams  which  represented  a  68  percent  yield  based  on  starting  alcohol. 

30 
EXAMPLES  2-9 

The  following  examples  examine  the  efficiencies  of  various  catalysts  and  reaction  conditions  as  well  as 
demonstrate  the  desirability  of  employing  a  stoichiometric  excess  of  the  alkylene  carbonate  reagent.  Percent 

35  conversions  were  determined  by  glpc. 

40 
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E t h y l e n e  
DHPFO  C a r b o n a t e  

Example   (mmole  )  (  mmole  ) 
2  52  55 

5 

6 

7 

8 

9 

52 

52 

52 

52 

52 

25  

25  

55 

55 

55  

52 

78 

1 0 4  

3 7 . 5  

3 7 . 5  

C a t a l y s t   R e a c t i o n   % 

(mmole  )  C o n d i t i o n   C o n v .  
B u . N I  
( 1 . 0 )  

B u . N I  
( 1 . 0 )  

3h*  ,  155°C  61 

3h,  1 4 0 ° C  

Nal  ( 5 . 0 )   5h,  1 4 0 ° C  
*TDA  ( 5 . 0 )  

40  

62 

Bu.  NI 
( 1 . 0 )  

Bu  NI 
( 1 . 0 )  

BU.  NI 
( 1 . 0 )  

N a l  
( 0 . 5 )  

L i l  
( 1 . 0 )  

24h,   147°C  79 

24h,   147°C  96 

24h,   147°C  99  

20h,   140°C  * * t r  

23.  5h,  140°C  56 

*  TDA  means  t r i s   (  3  ,  6 - d i o x a h e p t y l   ) amine   a v a i l a b l e   f r o m  
R h o n e - P o u l e n c   I n c . ,   Monmouth  J u n c t i o n ,   N J .  

* * t r .   means  t r a c e   a m o u n t .  *  h  means  h o u r s  
Bu4NI  means  t e t r a b u t y l a m m o n i u m   i o d i d e  

EXAMPLE  10 

Preparation  of  1,1-Dihydroperfluorooctyl  2-Hydroxy-2-methylethyl  Ether 

A250  mL  round-bottomed  flask  equipped  with  a  magnetic  stirring  bar  and  condenser/gas  bubbler  arrange- 
ment  was  contained  in  a  heating  oil  bath.  The  flask  was  charged  with  DHPFO  (63.83  grams;  0.159  mole),  pro- 
pylene  carbonate  (available  from  Aldrich  Chemical  Co.,  Milwaukee,  Wl)  (24.4  grams;  0.239  mole),  and  tetra- 
methylammonium  iodide  (0.64  gram;  0.0032  mole),  and  the  mixture  was  heated  to  160°C  before  any  gas  evo- 
lution  was  observed.  The  propylene  carbonate  reagent  required  more  forceful  conditions  than  ethylene  car- 
bonate  in  Example  1  ;  also,  conversion  to  propylene  oxide  was  a  more  significant  side  reaction.  In  order  to  ach- 
ieve  an  80%  conversion  of  starting  alcohol,  an  additional  40.5  grams  (0.40  mole)  of  propylene  carbonate  were 
added  and  reaction  temperatures  of  between  170-180°C  were  required  for  a  total  of  52  hours.  The  reaction 
mixture  was  worked  up  as  in  Example  1.  Fractional  distillation  provided  33.1  grams  of  the  title  compound  dis- 
tilling  at  50°C/0.4  Torr.  This  amounted  to  an  overall  yield  of  45  percent  (or  57  percent  based  on  converted  start- 
ing  alcohol).  The  IR,  1H-NMR,  and  13C-NMR  corroborated  the  title  structure. 

Claims 

1.  A  process  comprising  the  steps: 
a)  reacting 

(1)  a  1,1-dihydroperfluorinated  alcohol  having  the  formula 

6 
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R1 

(HOCH)aRr  I 

wherein 
R1  is  hydrogen  or  lower  alkyl; 
a  is  1  or  2;  and 
RF  is  a  substantially  perf  luorinated  alkyl,  cycloalkyl,  or  aryl  group  when  a  is  1  ,  and  perf  luor- 

inated  alkylene  when  a  is  2;  with 

(2)  an  alkylene  carbonate  having  the  formula 

wherein 
R2  is  an  alkylene  group  having  2  to  4  carbon  atoms; 
in  the  presence  of  an  effective  amount  of  a  catalyst,  wherein  said  catalyst  is  a  salt  containing 

a  basic  anion  or  a  nucleophilic  anion,  and  a  solubilizing  cation;  and 
b)  isolating  the  resulting  O-hydroxyalkylated  derivative  of  said  1  ,1-dihydroperfluorinated  alcohol  having 
the  formula 

(HOR2OCH)aRr  I I I  

wherein  R1,  R2,  a,  and  RF  are  as  defined  above. 

The  process  according  to  claim  1  wherein  said  1,1-dihydroperfluorinated  alcohols  are  selected  from  the 
group  consisting  of  1,1-dihydroperfluoro-1-octanol  2,2,2-trifluoroethanol;  2,2,3,3-tetraf  luoro-1  ,4-butane- 
diol;  1H,1H,3H-tetraf  luoro-1  -propanol;  3,3,4,4,4-pentafluoro-2-butanol;  1H,1H-pentafluoro-1-propanol; 
2,2,3,3,4  ,4-hexafluoro-1,5-pentanediol;  1,1,1  ,3,3,3-hexafluoro-2-propanol;  1  H,1H-  he  ptaf  luoro-1  -buta- 
nol;  1  ,1  ,1  ,2,2,3,3-heptafluoro-4-octanol;  3,3,4,4,5,5,5-heptafluoro-2-pentanol;  3,3,4,4,5,5,6,6-octa- 
fluoro-2-heptanol;  1H,1H,6H,6H-octafluorohexanediol;  1H,1H,5H-octafluoro-1-pentanol;  2,2,3,3,4,4,5, 
5,6,6-decaf  luoro-1  -methylheptan-1-ol;  undecafluorocyclohexylmethanol;  1H,1H,7H-dodecafluoro-1- 
heptanol;  1H,1H-pentadecafluorooctan-1-ol;  1H,1H,9H-hexadecaf  luoro-1  -nonanol;  and  11-1,1  1-1,11  H-eico- 
safluoro-1-undecanol. 

The  process  according  to  claims  1  and  2  wherein  said  anion  is  selected  from  the  group  consisting  of  car- 
bonate,  acetate,  propionate,  iodide,  and  bromide. 

The  process  according  to  claims  1  to  3  wherein  said  solubilizing  cation  is  selected  from  the  group  con- 
sisting  of  tetraalkylammonium,  tetraalkylphosphonium,  lithium,  sodium,  potassium,  and  cesium  ions. 

The  process  according  to  claims  1  to  4  wherein  said  catalyst  is  selected  from  the  group  consisting  of  tet- 
ramethylammonium  iodide,  tetrabutylammonium  iodide,  cesium  acetate,  and  potassium  carbonate. 

The  process  according  to  claims  1  to  5  wherein  said  reaction  mixture  further  comprises  a  crown  ether. 

The  process  according  to  claim  6  wherein  said  crown  ether  is  selected  from  the  group  consisting  of  tris(3,6- 
dioxaheptyl)amine  or  a  18-crown-6  ether. 

The  process  according  to  claims  1  to  7  wherein  said  alkylene  carbonate  is  present  in  the  range  of  1.25  to 
5.00  equivalents  based  on  the  alcohol. 
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9.  The  process  according  to  claims  1  to  8  wherein  said  catalyst  is  present  in  the  range  of  1.00  to  10.00  weight 
percent  based  on  the  alcohol. 

10.  The  process  according  to  claims  1  to  9  wherein  said  reaction  mixture  is  heated  at  a  temperature  in  the 
range  of  100  to  190°C. 

Patentanspruche 

10  1.  Verfahren  mitfolgenden  Schritten: 
(a)  es  werden  umgesetzt 

(1)  ein  1,1-dihydrofluorierter  Alkohol  der  Formel 

(HOCH)  aRF  I  

in  der 
R1  =  Wassertstoff  oder  niederes  Alkali, 
a  =  1  oder  2  und 
RF  =  eine  im  wesentlichen  perfluorierte  Alkyl-,  Cycloalkyl-  oder  Arylgruppe  ist,  wenn  a  =  1 

ist,  oder  eine  perfluorierte  Alkylengruppe  ist  wenn  a  =  2  ist, 
und 
(2)  ein  Alkylencarbonat  der  Formel 

30 
I I  

in  der  R2  eine  Alkylengruppe  mit  2  bis  4  Kohlenstoffatomen  ist, 
einer  in  Gegenwart  wirksamen  Menge  eines  Katalysators,  der  ein  Salz  ist,  das  ein  basisches  Anion 
oder  ein  nukleophiles  Anion  und  ein  losungsvermittelnd  wirkendes  Kation  enthalt;  und 

(b)  es  wird  das  so  erhaltene  O-hydroxyalkylierte  Derivat  des  genannten  1,1-dihydroperfluorierten  Al- 
kohols  isoliert,  das  die  Formel 

40 

(HOR2OC  H)aRF  I I I  

hat,  in  der  R1,  R2,  a  und  RF  die  vorstehend  angegebenen  Bedeutungen  haben 
45 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  dall  die  1,1-dihydroperfluorierten  Alkoholeaus  der 
Gruppe  ausgewahltsind,  die  aus  1,1-Dihydroperfluor-1-octanol,  2,2,2-Trifluorethanol,  2,2,3,3-Tetrafluor- 
1,4-butandiol,  1H,1H,3H-Tetrafluor-1-propanol,  3,3,4,4,4-Pentafluor-2-butanol,  1H,1H-Pentafluor-1-pro- 
panol,  2,2,3,3,4,4-Hexafluor-1,5-pentandiol  1,1,1,3,3,3-Hexafluor-2-propanol,  1H,1H-Heptafluor-1-buta- 

5Q  nol,  1,1,1,2,2,3,3-Heptafluor-4-octanol,  3,3,4,4,  5,5,5-Heptafluor-2-pentanol,  3,3,4,4,5,5,6,6-Octafluor-2- 
heptanol,  1H,1H,6H,6H-Octafluorhexandiol,  1H,1H,5H-Octafluor-1-pentandiol,  2,2,3,3,4,4,5,5,6,6- 
Decafluor-1-methylheptan-1-ol  Undecafluorcyclohexylmethanol,  1H,1H,7H-Dodecafluor-1-heptanol, 
1H,1H-Pentdecafluoroctan-1-ol,  1H,1H,9H-Hexadecafluor-1-nonanol  und  1H,1H,11H-Eicosafluor-1un- 
decanol  besteht. 

55 3.  Verfahren  nach  Anspruch  1  und  2,  dadurch  gekennzeichnet,  dali  das  Anion  aus  der  Gruppe  ausgewahlt 
ist,  die  aus  dem  Carbonat,  Acetat,  Propionat,  Jodid  und  Bromid  besteht. 

8 
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4.  Verfahren  nach  Anspruch  1  bis  3,  dadurch  gekennzeichnet,  dali  das  losungsvermittelnd  wirkende  Kation 
aus  der  Gruppe  ausgewahlt  ist,  die  aus  dem  Tetraalkylammonium,  Tetraalkylphosphonium,  Lithium,  Na- 
trium,  Kalium  und  Casiumionen  besteht. 

5  5.  Verfahren  nach  Anspruch  1  bis  4,  dadurch  gekennzeichnet,  dali  der  Katalysator  aus  der  Gruppe  ausge- 
wahlt  ist,  die  aus  dem  Tetramenthylammoniumjodid,  Tetrabutylammoniumjodid,  Casiumacetat  und  Kali- 
umcarbonat  besteht. 

6.  Verfahren  nach  Anspruch  1  bis  5,  dadurch  gekennzeichnet,  dali  das  Reaktionsgemisch  ferner  einen  Kro- 

10  nenether  enthalt. 

7.  Verfahren  nach  Anspruch  6,  dadurch  gekennzeichnet,  dali  der  Kronenether  aus  der  Gruppe  ausgewahlt 
ist,  die  aus  Tris(3,6-dioxaheptyl)amin  und  dem  1  8-Krone-6-ether  besteht. 

8.  Verfahren  nach  Anspruch  1  bis  7,  dadurch  gekennzeichnet,  dali  das  Alkylencarbonat  in  einer  auf  den  Al- 
15  kohol  bezogenen  Menge  von  1,25  bis  5,00  Aquivalentmassen  vorhanden  ist. 

9.  Verfahren  nach  Anspruch  1  bis  8,  dadurch  gekennzeichnet,  dali  der  Katalysator  in  einer  auf  den  Alkohol 
bezogenen  Menge  im  Bereich  von  1,00  bis  10,00  Gew.-%  vorhanden  ist. 

20  10.  Verfahren  nach  Anspruch  1  bis  9,  dadurch  gekennzeichnet,  dali  das  Reaktionsgemisch  auf  eine  Tempe- 
ratur  im  Bereich  von  100  bis  190°C  erhitzt  wird. 

Revendications 
25 

1.  Procede  comprenant  les  etapes  de  : 
a)  reaction  de 

(1)  un  alcool  1,1-dihydroperfluore  repondant  a  la  formule 

30  R1 
I 

(HOCH)aRF  I 

dans  laquelle 
35  R1  est  un  atome  d'hydrogene  ou  un  groupe  alkyle  inferieur  ; 

a  vaut  1  ou  2  ;  et 
RF  est  un  groupe  alkyle,  cycloalkyle  ou  aryle  sensiblement  perfluore  lorsque  a  vaut  1  et  un 

groupe  alkylene  perfluore  lorsque  a  vaut  2  ;  avec 
(2)  un  carbonate  d'alkylene  de  formule 

40 

55 

 ̂ C  =  O  I I  

45 
dans  laquelle 

R2  est  un  groupe  alkylene  ayant  2  a  4  atomes  de  carbone  ; 
en  presence  d'une  quantite  efficace  d'un  catalyseur,  dans  lequel  le  catalyseur  est  un  sel  contenant 
un  anion  basique  ou  un  anion  nucleophile  et  un  cation  solubilisant  ;  et 

50  b)  isolement  du  derive  O-hydroxyalkyle  dudit  alcool  1,1-dihydroperfluore  de  formule 

? '  
(HOR2OCH)aRf  I I I  

dans  laquelle  R1,  R2,  a  et  RF  sont  definis  comme  ci-dessus. 

Procede  selon  la  revendication  1,  dans  lequel  lesditsalcools  1,1-dihydroperfluores  sontchoisis  parmil'en- 
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semble  constitue  par  :  le  1,1-dihydroperf  luoro-1  -octanol  ;  le  2,2,2-trifluoroethanol  ;  le  2,2,3,3-tetrafluoro- 
1,4-butanediol  ;  le  1H,1H,3H-tetrafluoro-1-propanol;  le  3,3,4,4,4-pentafluoro-2-butanol  ;  le  1H,1H-penta- 
f  luoro-1  -propanol  ;  le  2,2,3,3,4,4-hexafluoro-1,5-pentanediol  ;  le  1,1,1,3,3,3-hexafluoro-2-propanol  ;  le 
1H,1H-heptafluoro-1-butanol  ;  le  1,1,1,  2,2,3,  3-heptafluoro-4-octanol  ;  le  3,3,4,4,5,5,5-heptafluoro-2- 
pentanol  ;  le  3,3,4  ,4,5,5,6,6-octafluoro-2-heptanol  ;  le  1H,1H,6H,6H-octafluorohexanediol  ;  le  1H,1H,5H- 
octafluoro-1-pentanol  ;  le  2,2,3,3,4,4,5,5,6,6-decafluoro-1-methylheptane-1-ol  ;  I'undecafluorocyclo- 
hexylmethanol  ;  le  1H,1H,7H-dodecafluoro-1-heptanol  ;  le  1H,1H-pentadecafluorooctane-1-ol  ;  le 
1H,1H,9H-hexadecafluoro-1-nonanol  ;  et  le  1H,1H,11H-eicosafluoro-1-undecanol. 

Procede  selon  les  revendications  1  et  2,  dans  lequel  ledit  anion  est  choisi  parmi  I'ensemble  constitue  par 
les  carbonate,  acetate,  propionate,  iodure  et  bromure. 

Procede  selon  les  revendications  1  a  3,  dans  lequel  ledit  cation  solubilisant  est  choisi  parmi  I'ensemble 
constitue  par  les  ions  tetraalkylammonium,  tetraalkylphosphonium,  lithium,  sodium,  potassium  et  cesium. 

Procede  selon  les  revendications  1  a  4,  dans  lequel  ledit  catalyseur  est  choisi  parmi  I'ensemble  constitue 
par  I'iodure  de  tetramethylammonium,  I'iodure  de  tetrabutylammonnium,  I'acetate  de  cesium  et  le  carbo- 
nate  de  potassium. 

Procede  selon  les  revendications  1  a  5,  dans  lequel  ledit  melange  reaction  nel  comprend  de  plus  un  ether- 
couronne. 

Procede  selon  la  revendication  6,  dans  lequel  ledit  ether-couronne  est  choisi  parmi  la  tris(3,6- 
dioxaheptyl)amine  et  I'ether  18-crown-6. 

Procede  selon  les  revendications  1  a  7,  dans  lequel  ledit  carbonate  d'alkylene  est  present  a  raison  de  1  ,25 
a  5,00  equivalents  relativement  a  I'alcool. 

Procede  selon  les  revendications  1  a  8,  dans  lequel  ledit  catalyseur  est  present  a  raison  de  1,00  a  10,00 
%  en  poids  relativement  a  I'alcool. 

Procede  selon  les  revendications  1  a  9,  dans  lequel  ledit  melange  reactionnel  est  chauffe  a  une  tempe- 
rature  dans  I'intervalle  de  100  a  190°C. 

10 
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